Spiral galaxies are unique astronomical objects in the sense that their visual appearance depends on the perspective of the observer. Since the spin patterns of spiral galaxies (clockwise or counterclockwise) are expected to be randomly distributed, in a sufficiently large universe no difference between clockwise and counterclockwise galaxies is expected. Here I test the spin pattern distribution of ∼ 6.4 · 10 4 galaxies with spectra from SDSS DR14, and compare the number of clockwise and counterclockwise galaxies in different redshift and RA ranges. The comparison shows a statistically significant asymmetry between the number of clockwise and counterclockwise galaxies. The data also shows that the asymmetry between the number of clockwise and counterclockwise galaxies changes with the redshift. The parts of the sky in which asymmetry was observed also show photometric asymmetry between clockwise and counterclockwise galaxies. When normalizing the data such that the redshift distribution of clockwise galaxies is similar to the redhsift distribution of the counterclockwise galaxies, the photometric asymmetry is eliminated. However, when normalizing the sets of clockwise and counterclockwise galaxies by the magnitude, statistically significant differences in the redshift remain. These evidence suggest that the local universe, as observed from Earth, might violate the isotropy and homogeneity assumptions. The data analysis process is based on deterministic algorithms with defined rules. It does not involve neither manual analysis of the data that can lead to human perceptual bias, nor machine learning that can capture human biases or other subtle differences that are difficult to identify due to the complex nature of the classification rules generated by machine learning systems.
Introduction
Analysis of large datasets of spiral galaxies showed photometric differences between spiral galaxies with clockwise spin patterns and spiral galaxies with counterclockwise spin patterns (Shamir, 2013; Hoehn and Shamir, 2014; Shamir, 2016 Shamir, , 2017a . Early attempts to identify differences between clockwise and counterclockwise galaxies did not identify statistically significant asymmetry (Iye and Sugai, 1991; Land et al., 2008) . However, these experiments were based on much smaller datasets of just a few thousand galaxies (Iye and Sugai, 1991) , or on heavily biased manual classification performed by untrained volunteers (Land et al., 2008) . Experiments using manually annotated galaxies (Longo, 2011) and automatically annotated galaxies (Shamir, 2012) showed statistically significant differences between the number of clockwise and counterclockwise spiral galaxies.
First evidence of photometric differences between clockwise and counterclockwise galaxies were observed using SDSS galaxies (Shamir, 2013) . Machine learning algorithms showed accuracy much higher than mere chance in identifying the spin pattern of the galaxy by its photometric variables, showing a very strong statistically significant link between the photometry of the galaxy and its spin pattern (Shamir, 2016) . That was shown with manually and automatically classified datasets of galaxies (Shamir, 2016) .
Experiments with a much larger dataset of ∼162K automatically annotated SDSS galaxies (Kuminski and Shamir, 2016) showed very strong statistically significant photometric differences between clockwise and counterclockwise galaxies. The experiments showed color (Shamir, 2017a) and magnitude (Shamir, 2017c) differences that change with the direction of observation, and have a cosine dependence with the RA (Shamir, 2017a,c) . With SDSS data, maximum asymmetry was observed in the RA range of (120 o , 210 o ).
Analysis of SDSS and PanSTARRS galaxies showed that data collected by both telescopes show the same asymmetry, as well as the same asymmetry pattern (Shamir, 2017b) . In both telescopes, the asymmetry changed with the direction of observation. A third dataset of ∼40K manually classified SDSS galaxies also showed the same pattern, with strong statistical significance of the asymmetry (Shamir, 2017b) .
The asymmetry was identified by more than one telescope, eliminating the possibility that the asymmetry is driven by some unknown error in the photometric pipeline of a specific telescope. A software error is also not possible, as such error would have exhibited itself in the form of consistent bias throughout the entire sky, while the actual observation showed very strong link between the magnitude (and direction) of the asymmetry and the direction of observation. Additionally, data that were annotated manually showed results that were in excellent agreement with the automatically annotated data (Shamir, 2017b) .
Smaller-scale observations showed that neighboring galaxies tend to have orthogonal spin patterns, which can be explained by gravitational interactions leading to faster merging of systems of galaxies with the same direction of rotation (Sofue, 1992; Puerari et al., 1997) . Other observations provide evidence of strong correlation between neighboring galaxies and their spin patterns, even in cases of galaxies that are too far from each other to have gravitational interaction (Lee et al., 2019) . These observations show certain evidence of patterns at the cosmological scale reflected by the distribution of galaxy spin directions (Lee et al., 2019) .
Here I analyze ∼ 6.4·10 4 galaxies with spectra to identify changes in the population of clockwise and counterclockwise galaxies based on their redshift. The analysis is based on SDSS DR14 galaxies with spectra. 
Data
The initial dataset is galaxies with spectra from the SDSS DR14. All objects with class "GALAXY" in the SpecObjAll table were selected in the initial query, providing a set of 2,644,145 objects with spectra identified as galaxies by SDSS pipeline. Since many of the objects are too small to allow any morphological analysis, a subset of these galaxies was selected such that the Petrosian radius computed on the g band was greater than 5.5". That selection reduced the number of galaxies with spectra to a subset of 589,049 galaxies. The distribution of the galaxies in different RA and redshift ranges is specified in Table 1 . The galaxy images were fetched from SDSS Skyserver using the "cutout" web service, and the output images were 120×120 color JPEG images. To make sure that the entire galaxy fits inside the image, if more than 25% of the pixels on the edge of the image were bright pixels (with grayscale value greater than 125), the image was downscaled and downloaded again until the number of bright pixels was less than 25% of the total number of pixels on the edge. The initial scale of the image was 0.1 arcseconds per pixel, and it was reduced by 0.01 arcseconds per pixel in each iteration, until the galaxy fits in the frame (Kuminski and Shamir, 2016) .
The galaxies were classified into galaxies with clockwise spin patterns and galaxies with counterclockwise spin patterns by using the Ganalyzer tool (Shamir, 2011a,b) , as was done in (Shamir, 2012 (Shamir, , 2013 Hoehn and Shamir, 2014; Dojcsak and Shamir, 2014; Shamir, 2016 Shamir, , 2017a . Ganalyzer is a simple deterministic algorithm that is based on converting a galaxy image into its radial intensity plot (Shamir, 2011a) , followed by peak detection in different radial distances from the center of the galaxy. Figure 1 shows examples of original galaxy images, their corresponding radial intensity plots, and the peaks detected in the radial intensity plots. , their corresponding radial intensity plots (middle), and the peaks detected in the radial intensity plots (right). The sign of the lines of the peaks determines the curve of the arms of the galaxy, and consequently its direction of rotation The sign of the linear regression of the peaks determines the curve of the arms, and consequently the rotation direction of the galaxy. To have good identification of the direction of the peaks, at least 30 peaks need to be detected in the radial intensity plot of the galaxy, otherwise the galaxy is classified as unidentifiable and rejected from the analysis. The algorithm is described in detail in (Shamir, 2011a) , as well as in (Shamir, 2012 (Shamir, , 2013 Hoehn and Shamir, 2014; Dojcsak and Shamir, 2014; Shamir, 2016 Shamir, , 2017a .
An important advantage of Ganalyzer is that it is a model-driven algorithm that is not based on machine learning. Therefore, human bias or other learning bias such as the part of the sky from which the training samples were taken cannot affect the performance or behavior of the algorithm. Ganalyzer is a straightforward open source deterministic algorithm that is not based on complex nonintuitive rules often used by machine learning algorithms, especially with deep neural networks. Ganalyzer is therefore not subjected to any training bias, as no training is required in any stage. The rules are designed in a fully symmetric manner, so that no bias of the algorithm to a certain type of spin pattern is allowed by the code.
The process resulted in a dataset of 32,055 galaxies with clockwise spin patterns, and 32,501 galaxies with counterclockwise spin patterns. Visual inspection of 100 randomly selected galaxies showed no cases of missclassified galaxies, indicating that the dataset is reasonably clean. SDSS can sometimes assign more than one object ID to the same galaxy. Removing these duplication provided a dataset of 63,693 galaxies, 31,666 clockwise galaxies and 32,027 are counterclockwise. The color and redshift distribution of the entire dataset population is shown in Figure 2 .
The galaxies with spectroscopy are not distributed uniformly in the sky covered by SDSS, and some parts of the sky contain more spectroscopic objects than others. Figure 3 shows the number of galaxies in each RA range. As the graph shows, the number of galaxies with spectra is particularly low in the RA ranges of (60 o , 90 o ) and (270 o , 300 o ). 3 Results
Following the observations described in (Shamir, 2017b) , the galaxies were divided into four groups based on their right ascension. The division of the galaxies based on the part of the sky is based on the observation that the asymmetry between clockwise and counterclockwise galaxies depends on the direction of observation (Shamir, 2017a,c,b) , and the asymmetry peaks in the RA range of (120 o ,210 o ). Table 2 shows the number of clockwise and counterclockwise galaxies in each direction of observation. The table shows statistically significant difference between the number of clockwise galaxies and the number of counterclockwise galaxies in the RA range of (120 o , 210 o ), the same RA range that showed photometric asymmetry between clockwise and counterclockwise galaxies (Shamir, 2017b) . The statistical power of the parity violation in that RA range remains significant even after applying the Bonferonni correction. The same RA range in the opposite hemisphere (> 300 o , < 30 o ) also shows higher population of counterclockwise galaxies, but when applying the Bonferonni correction the statis- Figure 3 : The distribution of the galaxies in the different RA ranges. Table 2 : The distribution of the clockwise and counterclockwise galaxies in different RA ranges. The P value of the binomial distribution shows the probability that the asymmetry between the number of clockwise and counterclockwise galaxies occurs by chance. The q-value is the Bonferronicorrected P value.
tical significance drops below a discovery level. It should be noted that the RA range (> 300 o < 30 o ) has a much lower number of galaxies, which can have a major impact on the lower statistical significance. The other two RA ranges show higher numbers of clockwise galaxies, but the statistical significance of the difference is lower. Mirroring the galaxy images and repeating the same analysis leads to the exact opposite results, which is expected since Ganalyzer is a symmetric and deterministic algorithm, and therefore the annotation of a certain galaxy image is the opposite of teh annotation of its mirrored image. Table 3 shows the distribution of clockwise and counterclockwise galaxies in the RA range of (120 o , 210 o ) and different redshift ranges. The table shows the number of clockwise and counterclockwise galaxies in each redshift range. The P value shows the probability to have such distribution by chance, as determined by the accumulative binomial distribution assuming that the probability of a galaxy to have a clockwise or counterclock- Table 3 : The distribution of the clockwise and counterclockwise galaxies in redshift ranges in the RA range of (120 o , 210 o ). The P value of the accumulative binomial distribution shows the probability that the asymmetry between the number of clockwise and counterclockwise galaxies occurs by chance.
wise spin is exactly 0.5. As the table shows, the asymmetry between the number of clockwise and counterclockwise galaxies increases with the redshift. While the asymmetry between clockwise and counterclockwise galaxies is insignificant in redshift range of 0-0.05, the asymmetry grows consistently with the redshift range. That cannot be explained by changes in the performance of the galaxy classification algorithm, as lower performance of the algorithm should shift the difference closer to random distribution, which is 0.5, and in any case should have also affected the other RA ranges. The Pearson correlation between each of the five redshift ranges and the asymmetry in each redshift range is ∼-0.951 (P<0.013). The Pearson correlation can also be computed without separating the dataset into redshift ranges. Assigning all clockwise galaxies to 1 and all counterclockwise galaxies to -1 provides a sequence of 63,693 pairs of values such that the redhisft of each galaxy is paired with 1 or -1, based on the spin direction of the galaxy. The Pearson correlation between these pairs of values is -0.01546. The correlation coefficient is low, as expected, but when the size of the dataset is 63,693 pairs the probability of having such correlation by chance is (P 0.00009). The correlation between the rotation direction (1 or -1) and the redshift in the RA range (120 o , 210 o ) is -0.02329. With the 36,267 galaxies in that RA range the probability to get such correlation by chance is (P<0.0001). That shows that in the RA range (120 o , 210 o ) the population of counterclockwise galaxies observed by SDSS increases with the redshift.
The number of clockwise and counterclockwise galaxies in each redshift range in the three other Table 5 :
The distribution of the clockwise and counterclockwise galaxies in different redshift ranges in the RA range of (210 o , 300 o ).
RA ranges are specified in Tables 4 through 6.
The difference between the population of clockwise and counterclockwise galaxies in the different RA and redshift ranges is shown in Table 7 . The table shows the RA ranges in thinner slices of 30 o , and the redshift range slice is 0.15. The RA ranges of (60 o ,90 o ) and (270 o ,300 o ) are ignored due to the very low number of galaxies in them of 83 and 0, respectively. The error is determined by 1 √ n , such that n is the number of galaxies. Naturally, due to the separation of the data into many smaller sections, in most sections the number of galaxies does not allow statistical significance. However, the RA range of (120 o ,180 o ) shows statistically significant asymmetry between the population of clockwise and counterclockwise galaxies.
To further analyze the correlation between the redshift and the rotation direction, counterclockwise galaxies were assigned the value 1, and clock- Table 6 :
The distribution of the clockwise and counterclockwise galaxies in different redshift ranges in the RA range of (< 30 o , > 300 o ). wise galaxies were assigned the value -1. Then, for every possible (α, δ) combination (in increments of 5), the Pearson correlation between the galaxy spin pattern (1 or -1) and the redshift was computed for all galaxies that are 15 o or less away from the (α, δ) coordinates. In case the (α, δ) coordinates had less than 3000 galaxies within 15 o or less, the (α, δ) coordinates were excluded. Figure 4 shows the correlations in difference (α, δ). The strongest correlation of 0.0815 (P<0.00001) was identified in (160, o ,50 o ). The 1σ range for the RA is (130 o ,185 o ), and for the declination it is (15 o ,65 o ). That, however, is limited to the sky covered by SDSS, as it is not possible to measure the correlation between the redshift and the rotation of direction of galaxies in unpopulated or underpopulated sky regions. The asymmetry between the number of clockwise and counterclockwise galaxies changes with the direction of observation. To profile that change and identify the most likely axis of the asymmetry, for each (α, δ) combination, the galaxies were fitted into cos(φ), such that φ is the angular distance between the (α, δ) coordinates and the coordinates of the galaxy, as was done in (Shamir, 2012) . That was done by assigning each galaxy with a random number within the set {-1,1}, and fitting d·cos(φ) to cos(φ), such that d is the randomly assigned spin direction (1 or -1). The χ 2 was computed 2000 Table 7 : Asymmetry (cw-ccw)/(cw+ccw) in different RA and redshift ranges.
times for each (α, δ) combination, and the mean and standard deviation were determined for each (α, δ) combination. Then, the χ 2 mean computed with the random spin directions was compared to the χ 2 when d was assigned to the actual spin direction of the galaxies. The difference (in terms of σ) between the χ 2 of the actual spin patterns and the mean χ 2 determined using randomly assigned spin patterns show the statistical likelihood of an axis at the (α, δ) coordinates. Figure 5 shows the σ for the asymmetry axis of all (α, δ) combinations, and for different redshift ranges. The most likely (α, δ) was identified at (α = 74 o , δ = 53 o ), with σ of ∼4.03, meaning that the probability of such axis to occur by chance if the rotation directions of the galaxies are random is (P < 0.00006). The 1σ error is (24 o , 195 o ) for the right ascension, and (14 o , 90 o ) for the declination. As Table 3 shows, the asymmetry changes across different redshift ranges. When identifying the most likely axis using just galaxies with z > 0.15, the most likely axis is at (α = 87 o , δ = 56 o ), with a high σ of ∼6.1. The 1σ error is (45 o , 145 o ) for the RA, and (34 o , 90 o ) for the declination. However, when the galaxies are limited to 0 < z < 0.15, the most likely axis is identified at (57 o , 32 o ), with 1.9σ. Figure 6 shows the result of the same experiment, but instead of using the spin patterns determined by Ganalyzer as described in Section 2, each galaxy was assigned a random spin pattern (1 or -1). As expected, the graph does not show a specific pattern leading to an axis that can be considered the most likely axis. None of the possible (α, δ) combinations showed statistical significance higher than 2.3σ. Figure 6 : The σ of the axis of asymmetry in different (α, δ) combinations such that galaxies were assigned with spin patterns randomly.
Photometric asymmetry
The asymmetry between the number of clockwise and counterclockwise galaxies peaks in the RA range of (120 o , 210 o ), which agrees with the photometric differences between clockwise and counterclockwise galaxies, that also peaks at around that part of the sky as reported in detail in (Shamir, 2017a,c,b) . Some evidence for asymmetry can be identified in the RA range of (> 300 o < 30 o ). However, that RA range does not have a high population of galaxies in the dataset, making it difficult to profile a clear pattern. Differences between the magnitude of clockwise and counterclockwise galaxies can also lead to differences in the number of detected clockwise and counterclockwise galaxies. Brighter galaxies are expected to be easier to detect and to identify its morphology, whether the morphology is analyzed man- Table 8 : The mean exponential r magnitude of the clockwise and counterclockwise galaxies in different redshift ranges in the RA range of (120 o , 210 o ).
ually or automatically. If a certain type of galaxies is brighter than the other, more galaxies of that type can be identified, leading to a higher galaxy count of that type. Therefore, if face-on clockwise galaxies at a certain part of the sky have, on average, a different magnitude than a face-on counterclockwise galaxy, that can lead to a difference in the number of clockwise and counterclockwise galaxies that are detected. On the other hand, galaxies that are closer to Earth tend to have lower apparent magnitude (brighter) than galaxies located deeper in the universe. Therefore, asymmetry between the number of clockwise and counterclockwise galaxies in a certain redshift range can lead to differences in the mean magnitude of these two sets of galaxies.
It is therefore important to analyze the relationship between the differences in galaxy population and differences in magnitude. Table 8 shows the mean exponential r magnitude of the clockwise and counterclockwise galaxies in different redshift ranges in the RA range of (120 o , 210 o ). Flag magnitude values such as "-999" that are common in SDSS were ignored from the analysis, as they do not represent actual measured photometry. As the table shows, while clockwise galaxies tend to be brighter on average, there are no statistically significant differences between the exponential r magnitude in the clockwise galaxies and the exponential r magnitude in the counterclockwise galaxies. Table 9 shows the differences between the magnitude of clockwise and counterclockwise galaxies in different bands and different redshift ranges. The values show an increase in the difference as the redshift gets higher, but even without correction for multiple tests none of these differences is statistically significant. Figure 7 shows the difference in mean magnitude (cw-ccw) in different redshift ranges in the four RA ranges. None of the tests shows statistical significance. The only exception is the redshift range 0-0.05 in the RA range of (210 o ,300 o ), where the g and z band show statistical significance of ∼0.046 and ∼0.024, respectively. When correcting for the P values for the number of different redshift ranges, the q value of the z band is ∼0.12.
Absolute magnitude
As shown in Section 3.1, no significant differences in the photometry of clockwise and counterclockwise galaxies were identified. However, when comparing the apparent magnitude of two sets of galaxies such that the galaxies in one set are brighter than the galaxies in the other set, more galaxies from the brighter class might pass a certain threshold that makes them identifiable. For instance, let L and R be two identical galaxies, with the exception that L is a clockwise galaxy and R is a counterclockwise galaxy. Let galaxy L be slightly brighter than galaxy R, and galaxy L is just slightly above the threshold that allows identification of the galaxy morphology. Since L is just above the threshold that allows identification it will be identified and consequently included in the dataset and affect the results. R, however, will be slightly dimmer, and its morphology might not be identified and therefore it might be excluded from the dataset. That can lead to an increased population of L galaxies among the dimmer galaxies in the dataset. The higher population of dimmer galaxies can shift the mean magnitude of these galaxies.
If clockwise galaxies are completely symmetric to counterclockwise galaxies, the population and magnitude of all clockwise and counterclockwise galaxies should be identical within statistical error. However, as discussed earlier in this section, as well as in previous work (Shamir, 2013; Hoehn and Shamir, 2014; Shamir, 2016 Shamir, , 2017a , differences between the number and magnitude of clockwise and counterclockwise galaxies have been observed, providing evidence of a certain asymmetry driven by the different spin patterns of galaxies. Table 10 shows the difference in the absolute magnitude of clockwise and counterclockwise galaxies in the RA range of (120 o , 210 o ). As the table shows, the differences in the r, i, and z band are statistically significant, showing that counterclockwise galaxies in the dataset in that part of the sky are brighter than clockwise galaxies in the same sky re- gion. Table 11 shows that in the corresponding RA range in the opposite hemisphere (< 30 o , > 300 o ) the asymmetry in magnitude is inverse, but the photometric differences in that RA range are not statistically significant. It should be noted that the range (< 30 o , > 300 o ) contains far less galaxies in the dataset, and the low number increases the standard error and reduces the statistical power. Tables 12 and 13 show the absolute magnitude differences in the different bands in the RA ranges of (30 o , 120 o ) and (210 o , 300 o ), respectively. In the RA range (30 o , 120 o ) the clockwise galaxies are brighter than the counterclockwise galaxies, while in the RA range (210 o , 300 o ) the counterclockwise galaxies are brighter. However, as Figure 3 shows, the distribution of galaxies is not uniform in these RA ranges. The RA range of (30 o , 60 o ) contains much more galaxies than (90 o , 120 o ), which can explain a shift of the photometric asymmetry towards the asymmetry observed in (< 30 o , > 300 o ). In the RA range (210 o , 300 o ) the number of galaxies is much higher in (240 o , 270 o ), which could shift the asymmetry towards the hemisphere where the absolute magnitude of counterclockwise galaxies is brighter. Figure 8 shows the difference in mean absolute exponential magnitude (cw-ccw) in different redshift ranges in the four RA ranges. Like with the apparent magnitude, separating to redshift ranges does not reveal statistically significant differences between the magnitude of clockwise and counter- 
Comparison with normalized redshift
As discussed in Section 3.1, the differences in the number of clockwise and counterclockwise galaxies in different redshift ranges can be due to differences in the magnitude of clockwise and counterclockwise galaxies. For instance, if counterclockwise galaxies are brighter than clockwise galaxies at a certain part of the sky, it is expected that more counterclockwise galaxies will be detected, and therefore that difference in magnitude can exhibit itself in the form of an increased population of clockwise galaxies. On the other hand, if the ratio between clockwise and counterclockwise changes with the redshift, that would exhibit itself in different mean magnitudes.
To test the link between redshift, magnitude and spin direction asymmetry, a set of galaxies in the RA range of (120 o , 180 o ), where the asymmetry peaks, was selected. Each clockwise galaxy in the dataset was paired with a counterclockwise galaxy such that the redshift difference between the two galaxies was less than 0.001. That led to two equalsized datasets such that one contained galaxies with clockwise spin patterns and the other contained galaxies with counterclockwise spin patterns. Due to the selection of the galaxies, the mean redshift of both datasets was almost identical, as well as the redshift distribution. Tables 14 and 15 show the mean absolute exponential magnitude in the g and i bands, respectively. The tables show that when the redshift distribution is similar in both sets of galaxies, the absolute magnitude is not statistically significant.
Tables 16 and 17 show the differences in the apparent magnitude in the g and i bands when the redshift distribution in the two datasets is normalized. Both tables show no statistical significant differences between the magnitude.
While the absolute magnitude shows statistically significant differences between clockwise and counterclockwise galaxies in the initial dataset of galaxies, the absolute magnitude does not show any statistically significant differences when the redshift distribution is normalized. That might indicate that the observed differences in magnitude are the result of the redshift differences between clockwise and counterclockwise galaxies.
Tables 18 through 20 show a similar analysis, but instead of normalizing the distribution of the two datasets by the redshift, the two datasets are normalized by the absolute magnitude. That is, the difference between the mean redshift of clockwise and counterclockwise galaxies is measured such that the distribution of the absolute magnitude in the dataset of clockwise galaxies is similar to the distribution of the absolute magnitude in the dataset of counterclockwise galaxies. The tables show that when the distribution of the absolute magnitude in both datasets is similar, the difference between the mean redshift in both datasets is statistically significant.
A similar experiment was done with the apparent magnitude. Tables 22 through 25 show the same analysis when the distribution of the apparent magnitude of the clockwise galaxies is similar to the distribution of the apparent magnitude of the counterclockwise galaxies. Unlike with the absolute magnitude, when the distribution of the apparent magnitude is similar in both datasets the statistical significant is not as clear, especially in the g band. However, it can be noticed that when the number of galaxies is higher, the statistical becomes stronger.
Conclusion
Previous studies showed evidence of differences between galaxies with clockwise and counterclockwise spin patterns (Shamir, 2012 (Shamir, , 2013 Hoehn and Shamir, 2014; Shamir, 2016 Shamir, , 2017a . While some previous attempts were limited by the bias of the human eye (Land et al., 2008) , model-driven automatic morphological analysis of galaxies was able to produce much larger datasets that are not biased by the human perception, showing strong evidence that the distribution of clockwise and counterclockwise galaxies as seen from Earth is not uniform in all parts of the sky, and correspond to the direction of observation (Shamir, 2012) .
Here a dataset of ∼ 6.4·10 4 galaxies with spectra is used to show an asymmetry in the distribution of clockwise and counterclockwise galaxies as observed by SDSS. The entire process of data analysis is machine-driven, so that no human bias can affect the results. Moreover, not only that the data anal- Table 14 : The mean absolute g magnitude of the clockwise and counterclockwise galaxies in different redshift ranges. The galaxies are in the RA range of (120 o , 180 o ) and paired such that each clockwise galaxy in the dataset is matched by a counterclockwise galaxy with a very close redshift (∆ < 0.001). Table 15 : The mean absolute i magnitude of the clockwise and counterclockwise galaxies in different redshift ranges. The galaxies are in the RA range of (120 o , 180 o ) and paired such that each clockwise galaxy in the dataset is matched by a counterclockwise galaxy with a very close redshift (∆ < 0.001). Table 16 : The mean exponential apparent g magnitude of the clockwise and counterclockwise galaxies in different redshift ranges. The galaxies are in the RA range of (120 o , 180 o ) and paired such that each clockwise galaxy in the dataset is matched by a counterclockwise galaxy with a very close redshift (∆ < 0.001). Table 17 : The mean exponential i magnitude of the clockwise and counterclockwise galaxies in different redshift ranges. The galaxies are in the RA range of (120 o , 180 o ) and paired such that each clockwise galaxy in the dataset is matched by a counterclockwise galaxy with a very close redshift (∆ < 0.001). Table 25 : The mean redshift when the two galaxy datasets have similar distribution of the apparent z magnitude. The galaxies are in the RA range of (120 o , 180 o ) and paired such that each clockwise galaxy in the dataset is matched by a counterclockwise galaxy with similar magnitude (∆ < 0.01).
ysis process is computer-based, none of the stages of data analytics involves machine learning. Therefore, no human bias or other effects can lead to bias in the training set, as no training set is used in any stages of the process. The process of data analysis is therefore deterministic, does not rely on any human input, and cannot be biased due to imbalanced or biased training data.
The analysis of the data shows that the number of clockwise galaxies is different from the number counterclockwise galaxies observed from Earth by SDSS, and that difference changes based on the direction of observation. The difference also changes with the redshift, showing that at least in one part of the sky the number of counterclockwise galaxies increases compared to clockwise galaxies as the redshift gets higher. These observations agree with the asymmetry between the photometry of clockwise and counterclockwise spiral galaxies (Shamir, 2017a,c,b) . The spin pattern of a spiral galaxy is also an indication of its spin direction (Iye et al., 2019) . If the source of these observation is indeed the actual sky, they violate the cosmological isotropy assumption.
Naturally, redshift and photometry are highly correlated, and the ability to identify the morphology of a galaxy depends on its brightness. Therefore, asymmetry between the photometry of clockwise and counterclockwise galaxies can lead to a different number of detected galaxies in different redshift ranges. Also, asymmetry in the distribution of clockwise and counterclockwise galaxies in different redhsift ranges can lead to differences in the photometry as measured from Earth, because a higher population of a certain type of galaxies in the higher redshift ranges will lead to a higher (dimmer) apparent magnitude of that type, and a lower absolute magnitude. To profile that, I used one dataset in which clockwise and counterclockwise galaxies have very similar distribution of the redshift, and another dataset in which clockwise and counterclockwise galaxies have very similar distribution of the absolute magnitude. When the distribution of the redshift is similar for both types of galaxies, no statistically significant differences can be identified between the absolute magnitude of clockwise galaxies and the absolute magnitude of counterclockwise galaxies. However, when the distribution of the absolute magnitude is similar in both datasets, the differences in the redshift are still detected and are still statistically significant. That provides evidence that the difference in the population of galaxies is not driven by magnitude differences that allow for better detection of one type of galaxy over another.
The spin pattern of a galaxy is a crude measurement, and there is no known atmospheric or other effect that can make a clockwise galaxy seem counterclockwise or vice versa. The classification of the galaxies was done in a fully automatic manner, so no human bias can have any impact on the results. The Ganalyzer algorithm used for the classification of the galaxies is a model-driven algorithm that uses clear rules for its classification. It is not driven by a machine learning process, in which the training data can add bias to the result, and the complex nature of the rules that determine the output makes it difficult to assess the way the classification is made. The asymmetry is identified in two parts of the sky that are in opposite hemispheres. Previous work showed with very strong statistical significance that the asymmetry between clockwise and counterclockwise galaxies changes with the direction of observation to exhibit a cosine dependence (Shamir, 2017a,c,b) . That observation further eliminates the possibility of a software error, as such error should have exhibited itself in the form of consistent asymmetry in all parts of the sky, regardless of the direction of observation. As Figure 2 shows, the span of the galaxies used in this study is far larger than any known astrophysical structure, and might therefore provide evidence for violation of the isotropy assumption of the universe as observed from Earth. While the isotropy and homogeneity assumptions are pivotal to many cosmological models, some evidence of isotropy violation at the cosmological scale have been observed through other messengers such as gamma ray bursts (Mészáros, 2019) and cosmic microwave background (Aghanim et al., 2014; Hu and White, 1997; Cooray et al., 2003) . 
